Methods:
We performed a retrospective cohort study of 400 consecutive pediatric patients with a chief complaint of chest pain and reviewed charts to determine how many received a CXR and which clinical characteristics were present in all patients. Chest radiograph findings were graded for significance as follows: (1) no or minor clinical significance: normal result in the CXR film without effect on the immediate evaluation of a patient; (2) moderate clinical significance: only impact on plan for follow-up; and (3) major clinical significance: result in the CXR film directly affects immediate management. We then evaluated each chart for historical or examination findings that might identify criteria associated with positive radiographic findings to propose a set of criteria that could lead to the development of a decision rule that allows a reduced utilization while having a high sensitivity for clinically significant positive findings on CXR film.
Results: Of the 400 pediatric patients reviewed, 63.5% (n = 254) received a CXR in the emergency department (ED). Of those receiving a CXR, only 8.26% (n = 21) had a finding that affected either ED management or follow-up planning. The criteria that would have identified all patients with positive results in the CXR films were abnormal vital signs, shortness of breath, palpitations, presence of comorbidities, abnormal or unilateral breath sounds, history of trauma, murmur, or cough.
Conclusions: This pilot study demonstrates the potential for a decision rule to eliminate both cost and radiation exposure by using defined criteria to determine the need for a CXR in pediatric ED patients. We identified 8 simple criteria that would have identified all children who benefited from a CXR in this study. The next phase of this study will prospectively evaluate the utility of each of the criteria as part of a draft decision rule.
Key Words: chest pain, radiographs, utilization (Pediatr Emer Care 2012;28: 451Y454) P ediatric patients present to the emergency department (ED) with a chief complaint of chest pain frequently, and the workup of such patients lacks consistency among both physicians and facilities. 1 Although pediatric patients rarely present with a cardiac etiology of their chest pain, many patients and their families are quite concerned about the cause of their chest pain. 2Y4 This presents a diagnostic dilemma for emergency physicians and results in significant variation in individual workups of this complaint. Although previous research has demonstrated that pediatric chest pain is most often the result of a benign etiology, 4 it has historically been considered the standard of care to evaluate patients older than 13 years with chest x-rays (CXRs), and this has been extended in practice to younger children as well. 5 
Importance
There has been an increasing focus on radiation exposure to patients associated with imaging studies ordered by physicians and the potential untoward effects this radiation may cause. This includes the increased lifetime potential for the development of a malignancy associated with imaging studies. Although the greatest concerns are for computed tomographic scans, early studies that attempted to quantify these effects in children and found that a single CXR corresponded to 5% to 30% of the yearly background radiation exposure in children. 6 A more recent study showed that effective dose equivalent ranges from 0.06 to 0.25 mSv with CXR in children and proposed that a dose of 1 mSv will result in 5 additional malignancies per 100,000 patients. 7 With the continuing increases in ED annual visits across the country, there has also been significant interest in decreasing throughput times. Several studies have demonstrated that a decrease in the utilization of CXR in patients who may be appropriately diagnosed by other means will decrease the mean length of stay for patients in the ED by as much as 1 hour. 8, 9 Finally, there can be significant cost savings to both the patient and the hospital for decreasing the utilization of resources when appropriate clinical decision making proves adequate. A 2009 study demonstrated a savings of $59 per patient to the health care system when a CXR was not ordered in patients with bronchiolitis while not compromising the diagnostic accuracy of alternate or associated diagnoses. 10 
Goals of This Investigation
This study was intended to begin the process of developing a decision making tool to aid emergency physicians in selectively obtaining a CXR in a pediatric patient population. The development of such a tool could eliminate the unnecessary utilization of imaging without missing significant findings in a pediatric patient population.
METHODS

Study Design and Setting
The study was performed at Children's Medical Center in Dallas, Tex, an academic, urban children's hospital set in a major urban environment. This ED sees a large volume of 120,000 patients with a myriad of comorbidities.
This study is a retrospective cohort study of 400 consecutive pediatric patients during a 3-month period from April to July 2010. www.pec-online.com chief complaint of chest pain underwent a chart review to evaluate whether a CXR was ordered, the result of the imaging study, and which clinical characteristics were present on history and physical examination. This study was approved by the institutional review board at the University of Texas Southwestern Medical Center with waiver of consent.
Selection of Participants
All patients 18 years or younger presenting to the ED with a chief complaint of chest pain were included in the study. To identify these patients, a report was run through the electronic medical records of the hospital, which allows the selection of patients based on the setting of their presentation, their age, and their chief complaint. All patients identified during the 3-month period were included for analysis.
Data Collection
Once the report of study participants was obtained, chart review was performed in an explicit manner, identifying whether a CXR film was obtained during the visit, obtaining the results of and grading the CXR film, and reviewing the notes of the ED attending physician and resident provider to identify criteria present on history and physical examination that had been determined to be potentially predictive of a positive result on the CXR film.
On the basis of literature review, the investigators selected criteria evaluated on history and physical, which included sex, age, abnormal vital signs in the ED (including fever [38.4-C], tachypnea, hypoxia [G92%], abnormal heart rate, or abnormal blood pressure), shortness of breath, palpitations, syncope, presence of comorbidities, crepitus, reproducibility of pain, history of trauma, altered mental status, presence of a murmur, abnormal breath sounds, unilateral pulmonary findings, and presence of a cough. As binary results, these were documented in data collection as either present or absent based on the provider's note. Because the abstracted data elements were objective, researchers were not blinded to the study aims during data collection. To ensure agreement, 2 researchers evaluated each chart and assessed agreement between the 2 individuals. Data were entered into a spreadsheet (Microsoft Excel, version 11.0; Microsoft, Redmond, Wash).
Primary Data Analysis
The primary measures for this study were whether a CXR was performed during the ED visit, the findings of this imaging study, and the clinical characteristics of the patients. All collected data were assessed for the presence of any of the above clinical findings.
Results from each CXR film were evaluated and grouped into 3 separate categories. The first group involved those studies with no or minor clinical significance that were normal or had incidental findings that would not impact either ED management or follow-up of the patient. The second group was defined as studies with moderate clinical significance defined as no impact on the management of the patient acutely, but with findings that would alter the plan for follow-up or specialty evaluation of the patient such as congenital anatomic abnormalities without acute findings. Finally, the third group was defined as studies with major clinical significance that changed the immediate diagnosis or management of the patient as a result of the CXR such as pneumonia, bronchiolitis, pneumothorax, or pulmonary edema.
The clinical characteristics and the findings from the CXR film were then compared to determine which characteristics present on history and physical examination were associated with findings on the CXR films that will impact the management of that patient.
RESULTS
We reviewed a total of 400 patient charts. Among those 400 charts, 63.5% (n = 254) of the children underwent a CXR while in the ED as part of their evaluation. As demonstrated in Table 1 , 7.4% (n = 19) of those patients undergoing a CXR had a finding of major significance and 0.8% (n = 2) patients had findings of moderate significance. Combining those 2 categories gives a total of 21 patients or 8.26% of those receiving a CXR that had findings that would alter either the ED management or follow-up planning for the patient. Of these patients, 4.3% (n = 11) had incidental findings with no bearing on ED management and 87.4% (n = 222) had normal films. Incidental findings included atelectasis, stool, and mild bronchial wall thickening without infiltrate.
When reviewing the charts for the clinical characteristics discussed above, there were no patients in the study negative for all clinical criteria evaluated with a CXR result of major significance and there was 1 patient with findings of moderate significance (a patient with extensive bronchial wall thickening and perihilar opacities resulting in next-day follow-up for the patient). Table 2 demonstrates the breakdown of all CXR results with relation to the presence of positive criteria on chart review. Of those with negative imaging result, 16.2% were negative for all criteria, 30.6% had 1 positive historical finding, 24.8% presented with 2 clinical findings, and 28.4% had 3 or more positive findings on history and physical examination.
Demographically, the 400 patients were composed of 199 girl and 201 boys, with a mean age of 10.7 years. There were a significant number of patients with preexisting comorbid conditions, the most common of which were asthma and congenital cardiac anomalies. Interestingly, of the 146 patients who did not receive a CXR, 104 were positive for at least 1 criteria and many had more than 2 positive criteria present when reviewing the physician's note. This study was not designed to evaluate the outcomes of those patients.
Limitations
There are several limitations to our study. First, it is a retrospective study with all of the obvious limitations with respect to the data obtained through chart review. There is no control over the many physicians involved in making the decision to order a CXR in the ED, and there is a wide degree of variation with regard to the ordering of studies to evaluate patients. This degree of variation reflects current real-world practice and is one of the reasons this study is useful in the first place. Given our study design, it would be inappropriate to analyze these data for statistical significance; therefore, only the descriptive data have external validity.
A large degree of patient information may not have been appropriately charted. Although our electronic medical record promotes templated data entry, we had no control for the exact data that were being obtained by providers during patient encounters. As such, there may have been patients with positive criterion that was not present in the original chart. This also applies to vital signs as we only accounted for the presence of abnormal vital signs in the ED, excluding reports of abnormal vital signs by parents or emergency medical service providers before arrival. As a tertiary referral center, some of these patients may have also been seen or treated by another facility before being evaluated in this ED, which also may have biased our data.
The inclusion of comorbid conditions as a predictor of a significant CXR result may have introduced selection bias because it is unclear that all of these coexistent medical conditions produce a higher likelihood of any significant result on a CXR film in a patient presenting with chest pain. At the same time, if this bias exists, it would be expected to adversely affect specificity rather than sensitivity, which would be preferable in this case.
DISCUSSION
Although chest pain is considered to be a high-risk chief complaint in the ED in adults, in a pediatric population, it most often has a benign etiology. 2Y4,11 Ancillary studies such as electrocardiography, CXR, and laboratory studies have not been helpful in identifying the etiology of organic pathology in these patients. 12 Although it has been proposed that history and physical examination are the best tools at determining the etiology in these patients, 13 no studies to date have evaluated whether a decision making tool could assist emergency physicians in determining which patients are in need of a CXR.
Methodological standards are important in developing criteria for decision rules. Clinical prediction rules should result from systematic clinical observations and it is vital to clearly define the specific outcomes and predictive variables used because this reduces uncertainty concerning the applicability of the rule for providers reading the study. 14, 15 A clinical decision rule should also undergo prospective validation before being used in the medical community. 15 In general, there are 3 steps involved in the development of a clinical decision rule: the creation of the rule itself, the validation of the rule, and, finally, the assessment of the impact of the rule on clinical behavior. 16 This study is the first step of the development of a clinical decision rule to determine the need for obtaining a CXR film in pediatric patients presenting to the ED with a chief complaint of nontraumatic chest pain. As a pilot study, the goals were to evaluate the potential impact of such a rule by determining how many of these patients are currently receiving a CXR as part of their evaluation, to study variables that could be used in such a rule that would predict a positive result on the CXR, and to gather information for the prospective validation of the rule.
Looking at the data in this study, 63.5% of children presenting to an ED at our major urban pediatric center received a CXR as part of their evaluation. As theorized, there was a great degree of variation between individual providers with respect to the ordering of ancillary studies such as a CXR given certain patient characteristics. Of those studies performed, 7.4% revealed a finding that altered the management of a patient in the ED and only 0.8% altered the plan for follow-up. Many patients (71.2%) who did not receive a CXR had variables present on history or physical examination that our study associated with a higher percentage of positive results had a CXR film been obtained.
Our results support prior work that demonstrates that pediatric chest pain is largely a result of a benign etiology and that CXRs are of limited utility in the evaluation of this chief complaint. 6Y10 All of the patients in this study that had CXR findings of major significance had at least one of the clinical variables we defined. Despite the limitations, this strongly supports that it should be possible to develop a clinical decision rule that will aid emergency physicians in deciding when to obtain a CXR film, resulting in decreased dwell times, decreased cost, and decreased radiation exposure.
CONCLUSIONS
This study strongly supports our theory that it is possible to develop a rule that can decrease CXR utilization in the evaluation of pediatric chest pain patients without missing clinically significant findings. Such a clinical decision rule can minimize time, money, and radiation exposure for both the patients and medical personnel. The next phase of this study will be to prospectively validate criteria in a similar patient population. 
